The effect of amniotic membrane on biochemical parameters was investigated in response to experimentally induced non-sterile clean wound inflammation. In addition, the effort was made to find out the biochemical compounds of human placenta extract. Thirty male Wistar-Albino rats weighing 250-300 g were used and randomly divided into three groups of 10. The control group, subjected to no operation; sham-operated group, subjected to experimental clean wound inflammation; and amniotic membrane group, subjected to experimental clean wound inflammation and received Human Amniotic Membrane (HAM) treatment. All rats had free access to standard laboratory diet and water. In the sham-operated and amniotic membrane groups, a 4 cm-incision was made on the median line in order to create a wound. The abdominal fascia of the amniotic membrane group was then covered with amniotic membrane whilst the abdominal fascia of the sham-operated group was uncovered with a material. At the end of 14 days, the animals were sacrificed and blood samples were obtained and analyzed for biochemical parameters. Amniotic membrane with whole placenta extracts that were rich in enzymes as lactate dehydrogenase (LDH), alanine aminotransferase (ALP) and aspartate aminotransferase (AST), and elements including Fe, Na and Cl. The amniotic membrane group had significantly lower in the mean values of serum C-reactive protein (CRP), LDH and AST whilst this group had significantly higher in the mean concentration of serum albumin and iron compared to sham-operated values (P<0.05). Similarly, the mean values of serum albumin, iron, AST were significantly lower in amniotic membrane group whereas the activity of GGT was higher in this group compared to control values. These results may indicate that amniotic membrane exerts anti-inflammatory effect and may decrease severity of tissue damage and accelerate healing process in rats with experimentally induced non-sterile clean wound inflammation.
INTRODUCTION
In response to major tissue injury due to surgical trauma, a highly complex inflammation and healing process take places, which are modulated by numerous cells and their products such as cytokines, especially tumor necrosis factor-α (TNF-α), interleukin (IL)-1β, and IL-1b 1, 2 . Wound healing is a complex insult-initiated biologic process that involves inflammation, new tissue formation and remodeling 3, 4 . Inflammation, constituting part of the acute response, results in a coordinated influx of neutrophils at the wound site. These cells, through their characteristic "respiratory burst" activity, produce oxidant, which is well known criterion for defense against bacteria and other pathogens 5 .
The amniotic membrane (AM) is a thin avascular membrane composed of an epithelial layer and an inner mesodermal tissue. Amniotic membrane with whole placenta is rich in enzymes, vitamins, amino acids, steroids, fatty acids and elements including Na, K, Ca, Mg, Cu, Fe, P, and Si 6 . All these components may possess multiple biological activities. It has reported that the AM mezoderm can suppress the expression of potent proinflammatory cytokines though the mechanism of action by which AM inhibits inflammation is not clear 7, 8 . The potent antiinflammatory effects 9 of HAM in regards to regeneration and new tissue formation 3 have also been demonstrated.
It has been suggested that human amniotic membrane (HAM) releases of soluble factors such as (IL-10, IL-6) and angiogenic factors by cells and molecules bound to the collagenous stromal matrix of the HAM patch. This, in turn, exerts paracrine mechanisms to support survival, differentiation and proliferation of host cells 8 .
Human amniotic membrane (HAM) has important clinical application, such as a material to accelerate wound healing 10 , reconstruct damaged organs [11] [12] [13] , treat burn lesion 14 , cover surgical wounds to avoid collusion 15 , and induce keratocyte expression 16 . This experiment was therefore conducted to investigate the biochemical profile in response to HAM treatment in a state of inflammation induced experimentally by the non-sterile clean wound technique.
MATERIAL and METHODS

Animals
Upon the approval of the experimental protocol by the Animal Ethics Committee of the Balikesir University, animals were cared in accordance with National Institutes of Health Guide for the Care and Use of Laboratory Animals. Thirty male Wistar-Albino rats at age of five months and weighing 250-300 g were housed in separate cages at 25°C and subjected to a 12:12-h light:dark cycle. The rats were randomly divided into three groups: Control group (Group 1), subjected to no operation; sham-operated group (Group 2), subjected to experimental clean wound inflammation; and amniotic membrane group (Group 3), subjected to experimental clean wound inflammation and received HAM treatment. All animals fed ad libitum consumption a standard laboratory diet and had free access to water during the experimental period.
Preparation of the Amniotic Membrane
Human amniotic membranes (38 weeks old) were obtained from caesarean deliveries of patients (n = 10) with negative test results for HBsAg, HCV, HIV, syphilis and no histories of premature membrane ruptures, endometritis or meconium ileus. Placentas were transferred in a container under sterile conditions at 4°C to the laboratory. At the processing site, the amnion was separated from the rest of the chorion by blunt dissection, then rinsed and soaked in saline and Dakin's solutions (0.25% sodium hypochloride solution) for 10 min in order to remove blood and other contaminants. The amnions were then stored in saline solution containing 50 μg/mL penicillin, 50 μg/ mL streptomycin, 100 μg/mL neomycin, and 2.5 μg/mL amphotericin B for 10 min. Finally, amnions were carefully flattened onto sterile nitrocellulose paper with the epithelium facing up. The nitrocellulose paper containing adherent membranes was then cut into 20-mm wide segments.
Operation Procedure
The rats were anaesthetized with intramuscular injection of 60 mg/kg of ketamin hydrochloride (Ketalar, Eczacibasi, Warner-Lambert Laboratories, Istanbul, Turkey) and 10 mg/ kg of xylazine hydrochloride (Rompun, Bayer Laboratories, Istanbul, Turkey). All procedures were performed under clean but non-sterile conditions and the animals were allowed to breath spontaneously during the surgery. The body temperature was maintained around 37°C by the use of a heating lamp. After shaving and scrubbing the abdominal skin with a povidone-iodine, a 4 cm-long midline incision was made. Immediately, the abdominal fascia was closed by a continuous suture (silk 3/0) in the HAM and sham-operated groups. Following that the fascia of the study group was covered by HAM while the fascia of the sham-operated group was covered no material. Finally, skin of these groups were closed by a continuous suture (silk 3/0). All animals were sacrificed 14 days after surgery administering an overdose of sodium pentobarbital (300 mg/kg, intraperitoneal). Prior to sacrifice, cardiac blood samples were collected into vacutainers.
Preparation of the Placenta Extract
Placenta samples (1 g) was transferred to 9 vol. (w/v) of ice-cold buffered sucrose (0.25 M containing 1 mM HEPES pH 7.4.). The placenta was cut into several large pieces and swirled around in the buffer to remove blood as much as possible. The placenta was minced finely with a sharp YAVUZ, SEYREK, KARACA, KARA, HAYIRLI scissors and transferred to ice-cold homogenising vessel and were finally homogenised with about six strokes of the pestle at full speed. The homogenate was made up to 10 vol. (w/v) with sucrose buffer solution. A sample of homogenate (3-4 ml) was centrifuged in a fixed angle rotor at 4°C for 10 min at 6.000 хg to obtain supernatant. The supernatant was used for biochemical analysis.
Biochemical Analysis
Serum was separated by centrifuging at 825 xg for 10 min for analyses of urea, creatinine, cholesterol, triglyceride, high density lipoprotein-cholesterol (HDL-C), total protein and C-reactive protein (CRP) as well as alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), and alkaline phosphatase (ALP) activities using commercially available kits in an autoanalyzer (Cobas Integra 800; Roche Diagnostics GmbH; Mannheim, Germany). Serum levels of tumor necrosis factor-alpha (TNF-α) were determined by enzyme-linked immunosorbent assay (ELISA) using commercially available kits (eBioscience, Rat TNF-α Platinum ELISA, Austria) in a diagnostic instrument (BioTek, ELx 800, USA).
Statistical Analysis
After determining normality, data were subjected to one-way ANOVA (SPSS, version 11.0, Chicago, IL). Group mean differences were attained using the Bonferoni posthoc test option. The data were expressed as mean ± SE and differences were considered significant when the p value was less than 0.05.
RESULTS
Human Placenta Extracts
The biochemical parameters were expressed as biochemical values per gram placenta extract protein for standardization and accuracy. The placental LDH, ALP, and AST activities were more pronounceable as compared to the placental ALT and GGT activities (Table 1) . Moreover, the placental extract were relatively rich in Fe, Na, Cl, and P, whereas poor in K ( Table 1) . The other biochemical parameters which were present in placenta extracts were glucose (12.14 mg/g protein), cholesterol (14.25 mg/g protein), and triglycerides (26.42 mg/g protein/g protein) as well as CRP (0.55 mg/g protein) ( Table 1 ). Table 2 summarizes biochemical parameters in response to the (HAM) treatment in rats induced experimentally non-sterile clean wound inflammation. Induction of nonsterile clean wound inflammation causes a 36% elevation in CRP level, which was reduced by the HAM treatment (Group 3) to the control level (Group 1). However, there were no differences in TNF-α across the experimental groups. As compared with the control group (Group 1), sham operation (Group 2) decreased serum Fe concentration by 40%. Although the HAM treatment (Group 3) increased serum Fe concentration by 21% as compared to the sham-operated group (Group 2), it did not reach the control group (Group 1) level. Alterations in serum albumin concentration in response to experimental groups were similar to those in serum Fe concentrations. The activities of enzymes in response to the experimental groups were variable. The serum LDH activity increased by 4.1-fold in the shame operated group and this elevation was depressed by the HAM treatment (Group 3). The sham-operation (Group 2 did not affect the serum AST activity, whereas the HAM treatment decreased the serum AST activity as compared with the control and shamoperated groups. The serum ALT activity did not differ by the experimental groups. The sham-operation caused a 186% elevation in the serum GGT activities in comparison with the control group and the HAM treatment failed to reduce this elevation.
Amniotic Membrane Treatment
DISCUSSION
Placenta extract with HAM has been used for a long time as a wound healer and a cosmetic in many countries 17 . It is rich in enzymes such as AST and ALT; nucleic acids, vitamins, amino acids, steroids, fatty acids and minerals (Table 1 ). These biochemical molecules may have multiple biological effects, some of which are anti-inflammatory, immunotrophic and anti-oxidative 18 . To our knowledge, very few studies have dealt with the effects of AM in long term. Therefore, the attempt was to investigate effects of HAM on metabolism on 14 th day 14, 19 . In the current experiment, serum biochemistry tests were used to assess the effects of HAM on inflammation induced experimentally by the non-sterile clean wound technique.
The human amniotic membrane enhances epithelization [20] [21] [22] [23] , through secreting anti-inflammatory cytokines and suppressing TGF-β signaling at the transcriptional level, leading to down-regulation of several downstream genes that are responsible for scar formation 24, 25 . In general, HAM causes release of potent immune-modulatory and anti-inflammatory cytokines (IL-10, IL-6) 26 through a direct suppressive effect of amniotic membrane matrix on the expression of two of the most potent proinflammatory cytokines, IL-1α and IL-1β, at both protein and mRNA levels 13, 27 indicated that HAM possesses an immunosuppressor effect on human peripheral blood mononuclear cells, including apoptosis, and inhibiting proliferation in response to a polyclonal stimulus, as well as inhibiting the synthesis and secretion of pro-inflammatory cytokines on exposure to lypopolysaccharide. Similarly, it has been shown that HAM's anti-inflammatory actions may be mediated in part by its secretion of anti-inflammatory cytokines such as IL-10, inhibin, activin, and IL-1 receptor antagonist as well as anti-inflammatory protease inhibitors such as a1-anti-trysin inhibitor and inter-a-trysin inhibitor 28 . Moreover, HAM suppresses innate immunity by trapping both mononuclear and polymorphonuclear granulocytes within its stromal matrix and inducing them to undergo apoptosis 29 . Tseng 30 has reported that HAM modulates acquired immunity by suppressing alloreactive responses and down regulate production of Th1 and Th2 cytokines. C-reactive protein is a well-known acute-phase protein and a marker of systemic inflammation in the body 31 . In the present study, a lower level of CRP occurred in the HAM-treated group when compared with the sham-operated group (Table 2 ). The reduction in CRP level may indicate that HAM could facilitate wound healing by inhibiting inflammation. However, lacking difference in serum TNF-α levels ( Table 2 ) may suggest that TNF-α acts locally rather than systematically.
To our knowledge, the HAM effects on the activity of enzymes have not been studied in detail. Aspartate aminotransferase, one of the transaminase enzymes, is regarded as markers of muscular dystrophy and cell damage 32 . The decreased activity of AST in the serum of the HAMtreated group may be due to restoration of muscular and cell damages induced by the non-sterile clean wound inflammation. Lactate dehydrogenase, an intracellular enzyme, increases in serum in case of cell damage and/ or death 33 . The HAM treatment (Group 3) reduced the serum LDH activity which increased drastically in response to the sham operation (Table 2) . Overall, enzyme activity responses may suggest that HAM may benefit to alleviate tissue damage. Additionally, decreased serum Fe and albumin concentration seem directly to be related to trauma induction. The partial restoration of these two parameters in the HAM-treated group (Group 3) could be related to having HAM served as a reservoir for these compounds (Table 2) . 
